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Abstract During recent decades many environmental, social and legal conditions 
for sustainable management of forest resources have changed. Against this back¬ 
ground, traditional and well-established silvicultural practices have to be reevalu¬ 
ated concerning their impact on conservation, biodiversity and environmental 
services and functions but also concerning their capability to ensure the ability of 
forest ecosystems to adapt to global environmental changes and to deliver the 
products and services that are requested by society. This chapter reviews exemplar- 
ily some of these new aspects, such as climate change, increased importance of 
goods and services other than timber and increased requirements for inventory, 
monitoring and planning as well as the consequences for silvicultural science and 
practice. 
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6.1 Introduction 


For many decades the provision of pragmatic procedures to sustain a steady yield of 
wood from a few economically attractive species has been considered the main 
objective of tropical silviculture (Bertault et al. 1995). Accordingly, earlier books 
about silviculture in the tropics dealt mainly with traditional silvicultural systems in 
different regions and types of forests (e.g., Bruenig 1996; Dawkins and Philips 
1998; Lamprecht 1986). In recent years, forest management and silviculture have 
faced substantial shifts in the conditions and requirements for sustainable use of 


M. Weber 

Institute of Silviculture, Center of Life and Food Sciences Weihenstephan, Technische Universitat 
Miinchen, Hans-Carl-von-Carlowitz-Platz 2, 85354 Freising, Germany 
e-mail: m.weber@forst.wzw.tum.de 


S. Gunter et al. (eds.), Silviculture in the Tropics, Tropical Forestry 8, 

DOI 10.1007/978-3-642-19986-8_6, © Springer-Verlag Berlin Heidelberg 2011 


63 



64 


M. Weber 


forest resources, mainly owing to changes in societal and environmental circum¬ 
stances on global and regional levels. A few of them should be mentioned here: 

• Since the world population reached six billion in 1999, it has continued to grow 
by 83 million per year and will reach seven billion in 2011 (PRB 2009). 

• The global forest area experienced a net loss of 5.2 million hectares per year in 
the period from 2000 to 2010, primary forests have been reduced by 40 million 
hectares since 2000 and the area designated primarily for productive purposes 
has decreased by 50 million hectares since 1990 (FAO 2010). 

• Between 1995-1997 and 2004-2006 the number of undernourished people 
increased in all regions except Latin America and the Caribbean and is estimated 

to be 1.02 billion today (FAO 2009). 

• The global atmospheric C0 2 concentration increased from the preindustrial level 
of 280 to 379 ppm in 2005. As a consequence of the accumulation of anthropo¬ 
genic greenhouse gases (GHGs) in the atmosphere, the global mean surface 

temperature increased by 0.76°C from 1850-1899 to 2001-2005 (IPCC 2007a). 

• Biodiversity, which provides an existential contribution to human welfare and 
livelihood, is decreasing at alarming rates (Millennium Ecosystem Assessment 
2005). Between 10% and 50% of the higher taxonomic groups (mammals, birds, 
amphibians, conifers and cycads) are currently threatened with extinction. The 
main causes are habitat changes owing to land-use change, climate change, 
invasive alien species, overexploitation and pollution. 

Human societies are concerned about these changes and their possible effects on 
the future availability of natural resources such as food, timber and freshwater. 
These concerns are reflected in several international agreements and regulations 
addressing better management of natural resources and improvement of the frame¬ 
work conditions. The most important political milestone toward international 
agreements on the sustainable management of forests resources was the United 
Nations Conference on Environment and Development (UNCED) in 1992 in Rio 
(Earth Summit), where several conventions and principles were adopted. The 
definitions, principles and standards formulated in these documents have many 
direct and indirect consequences for forest management and development of silvi¬ 
cultural concepts. Four of the most influential documents with direct influence on 
silviculture should be mentioned here exemplarily: 

• The Convention on Biological Diversity (CBD 1992) commits the 168 signature 
states to support the three main objectives of the convention which are (1) the 
conservation of biological diversity, (2) the sustainable use of its components 
and (3) the fair and equitable sharing of the benefits arising from the utilization 
of genetic resources. As one concrete measure toward these objectives, Article 
8 of the convention requires, for instance, that the countries prevent the intro¬ 
duction of alien species which threaten ecosystems, habitats or species and 
endeavor to provide the conditions needed for compatibility between present 
uses and the conservation of biological diversity and the sustainable use of its 
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components. In 2000, the Convention on Biological Diversity adopted 12 prin¬ 
ciples, which also consider local developmental needs and stress the importance 
of landscape-scale issues in managing natural systems (COP5 decisions). In 
2004, the Addis Ababa Principles and Guidelines for the Sustainable Use of 
Biodiversity were adopted, which also address a number of issues related to 
biodiversity in managed systems (CBD 2004). 

• The Framework Convention on Climate Change (UNFCCC 1992) with its 
follow-up document, the Kyoto protocol, emphasizes the role of forests as 
important reservoirs for carbon and their function as sinks for or sources of 
GHGs, especially C0 2 , as influenced by forest management. The Clean Devel¬ 
opment Mechanism (CDM) of the Kyoto protocol and the Reducing Emissions 
from Deforestation and Forest Degradation (REDD) mechanism, which is actu¬ 
ally under discussion as a new mechanism in the post-Kyoto agreement, offer 
new options for tropical forest management which may allow several barriers to 
be overcome that are currently restricting sustainable use of tropical forests in 
many cases. 

• Agenda 21 (UN 1992a), which defines the objectives to sustain the multiple roles 
and functions of all types of forests, forest lands and woodlands as well as to 
enhance the protection, sustainable management and conservation of all forests, 
and the greening of degraded areas, through forest rehabilitation, afforestation, 
reforestation and other rehabilitative means. Another aim is to ensure the 
ecological, economic, social and cultural role of forests. It also endorses the 
participatory role of local communities in decision-making in sustainable forest 
management. 

• The “Non-legally Binding Authoritative Statement of Principles for a Global 
Consensus on the Management, Conservation and Sustainable Development of 
all Types of Forests” (Forest Principles) (UN 1992b), with its 17 points, reflects 
the global consensus on forests and applies to all types of forest, natural and 
planted, in all geographical regions and climatic zones. The principles encom¬ 
pass that states have the sovereign right to utilize, manage and develop their 
forests in accordance with their own development needs. Forest resources and 
forest lands should be sustainably managed to meet the social, economic, 
ecological, cultural and spiritual needs of present and future generations. Fur¬ 
thermore, the potential contribution of plantations of both indigenous and 
introduced species for the provision of fuelwood for household and industrial 
wood should be recognized as should the role of planted forests and permanent 
agricultural crops as sustainable and environmentally sound sources of renew¬ 
able energy and industrial raw material, which shall be enhanced and promoted. 

Although in the past environmental policies have been poorly considered and 
integrated in national policies, this has changed. Since UNCED in 1992, the 
countries have developed regional and international criteria and indicators that 
allow them to measure and monitor successes or failures in achieving sustainable 
forest management (Siry et al. 2005). Furthermore, a multitude of governmental 
and nongovernmental organizations with distinct but distinguished objectives is 
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critically observing silvicultural activities in tropical forests so that failures or 
ecological sins will be most probably identified and made public, which - owing 
to public and economic pressure - can put forest enterprises at risk. This “watch¬ 
dog” function of nongovernmental organizations is supported by the excellent new 
technology of high-resolution remote sensing. 

In addition to the legal and societal framework conditions for forest management 
environmental conditions are also changing with different scales of intensity and 
time, resulting in direct or indirect effects on ecological processes and thus require¬ 
ments for silvicultural treatment. Examples for such changes are the increasing C0 2 
concentration in the atmosphere with the resulting global climate change (IPCC 
2007a), loss of genetic resources owing to continuing loss of species and biodiver¬ 
sity (CBD 2004) and anthropogenic imissions into the ecosystems (Boy and Wilcke 
2008; Boy et al. 2008; Fabian et al. 2005). 

Consequently, silvicultural concepts and techniques cannot only be directed 
toward the objectives of the forest owners but must also consider the manifold 
societal demands as well as the ecological requirements arising from environmental 
changes. Therefore, they must be critically reviewed against the background of the 
new aspects and evaluated concerning their ability to meet the expected require¬ 
ments. For instance, protectionist actors often accuse silviculturists of not having 
the technical knowledge required to satisfy the new and multiple demands without 
endangering the resource. Many forest managers, on the other hand, are convinced 
that the technical solutions to the challenges of sustainable forest management 
already exist and that it is only a matter of applying them appropriately (Bruenig 
and Poker 1989). However, often either the empirical evidence for the latter is 
lacking or the practices demonstrated by research are not applied by the timber 
companies, even if they are incorporated into forest management regulations 
(Embrapa/CIFOR 2000 cited in Olegario et al. 2008). 

As a consequence of the above-mentioned aspects many realities for management 
of tropical forests have changed and it is important that silviculturists are aware of the 
changes and the resulting demands. The following sections will review in more detail 
some of the new aspects with paramount impact on forest management. 


6.2 New Perspectives on Biodiversity and Conservation 

Management 


The importance of biodiversity has been emphasized at different political levels 
through many international conventions and agreements promoting sustainable 
forest management (e.g., Montreal Process, Pan-European Process) as well as on 
commercial levels as part of certification schemes. For a long time the role of 
biodiversity has been recognized only in nature conservation but not in forest 
management (Chap. 4). Only recently, its recognition regarding rather technical 
aspects such as tropical silviculture has been growing. Similarly, for a long period 
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of time the establishment of protected areas and parks has been considered the most 
promising option to ensure the continued existence of natural landscapes and 
ecosystems as well as of the genetic bases of tropical forests. Meanwhile, 12% of 
the world’s forests (460 million hectares) are designated for conservation 
of biological diversity (FAO 2010). However, there is evidence that thousands of 
species are likely to disappear when biodiversity outside protected areas is 
neglected (Putz et al. 2000). Furthermore, there is also increasing opposition from 
forest dwellers to forest reserves that restrict the traditional access to and use of the 
natural forest resources. The disregarding of these rights was one reason to exclude 
“avoided deforestation” projects from the Kyoto protocol’s CDM in the first 
commitment period. Hence, conservation through careful use, e.g., biodiversity- 
sensitive silviculture in managed forests, is increasingly accepted as a valuable 
option in successful conservation strategies (Putz et al. 2000; ITTO, IUCN 2009). 

Against this background, many traditional and well-established silvicultural 
practices have to be reevaluated concerning their impact on biodiversity and 
conservation as well as on environmental services and functions. Because conser¬ 
vation of biodiversity in timber production forests depends highly on the way in 
which they are managed (Campos et al. 2001), much more attention has to be given 
to techniques that have been widely disregarded so far, e.g., proactive prevention 
measures (e.g., against fire) and postharvesting activities (Chap. 12). Several man¬ 
agement options that contribute to the maintenance of biodiversity or to limiting 
negative effects of silvicultural interventions have also been presented by Putz et al. 
(2001): seed tree retention, modifying the seed beds for germination, mechanical 
scarification, herbicide treatment, enrichment planting, liberation thinning, vine 
cutting and mimicking natural disturbances. For many forest managers, except in 
dry forests, reduced-impact logging (RIL) has already become a standard as it does 
not only reduce incidental environmental damage and conserve biodiversity, it also 
contributes to improved sustained yield and carbon offset (Chap. 16). RIL largely 
contributed to an increase in the area of natural forests under sustainable manage¬ 
ment from one million hectares in 1988 (Poore et al. 1989) to about 36 million 
hectares by 2005 (ITTO 2006). Bawa and Seidler (1998) concluded in their review 
of natural forest management that the extent to which it can be expected to conserve 
biodiversity depends on several factors, including the initial structure of the forest, 
the scale and intensity of operations in space and time and the geographical 
configuration of managed forest areas within the matrix of undisturbed primary 
forest. They favor increased support for management of secondary forests, restora¬ 
tion of degraded lands, and plantation forestry as silvicultural means of retaining 
the diversity of tropical forest communities. 

Carrying out silvicultural treatments in conjunction with logging not only 
reduces costs, it also reinforces the idea that logging can be silviculturally useful. 
As soil effects and damages to the remaining stand increase with logging intensi¬ 
ties, silvicultural interventions should be moderate and concentrated in small 
areas, which will also help to reduce costs. Owing to progress in forest planning 
and monitoring (satellite images, digital landscape models) as well as in logging 
technology (e.g., cable or helicopter yarding) which allow, for example, better 
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design, construction and maintenance of road networks, new means to limit dam¬ 
aging effects of silvicultural interventions are also available at the management 
level. As monitoring and controlling are more and more becoming integral parts of 
management, silviculturists will be enabled to steadily leam from successes and 
failures. For example, for biodiversity conservation in a comprehensive Acacia 
mangium plantation in Sarawak, a geographic information system was used to plan, 
implement, monitor and control activities in all planted compartments as part of an 
integrated plantation management system (ITTO, IUCN 2009). A landscape-scale 
map shows the mosaic pattern of natural and planted forests, and large and small 
conservation set-asides. 

With the criteria for modern approaches to forest management considering 
conservation and biodiversity aspects as formulated in the certification schemes, 
for instance by the Forest Stewardship Council’s Principles and Criteria for Forest 
Stewardship, new standards are set that cannot be disregarded by silviculturists 
even under noncertified conditions because markets will force them to be sensitive 
to the growing environmental concerns of global consumers and shareholders 
(Laurance 2008). 

During the last two decades forest science has substantially improved the 
understanding of the effects of silvicultural activities in many forest ecosystems 
around the world (Bawa and Seidler 1998; de Graaf et al. 1999; Finkeldey and 
Ziehe 2004; Giinter et al. 2008; Johns 1992; Kobayashi 1994; Lambert 1992; 
Pariona et al. 2003; Weber et al. 2008; Wilcke et al. 2009). Putz (Chap. 7) stresses 

also the need for clear differentiation among biodiversity aspects on different scales 
(landscape, ecosystems, community, species and genetic levels) as this has a direct 
influence on the evaluation of specific measures under different economic condi¬ 
tions and spatial levels. Because of better training and easier access to information, 
forest managers will be able to apply more sophisticated silvicultural concepts in 
the future. 


6.3 Climate Change 


Forest management can increase or decrease carbon flows between forests and the 
atmosphere and thus contribute to both acceleration and mitigation of atmospheric 
C0 2 accumulation, which is a dominant cause of climate change. Tropical forests 
account for about 40% of the carbon in the terrestrial biomass and 30-50% of 
terrestrial productivity (Dixon et al. 1994; Phillips et al. 1998; Watson et al. 2000). 
Forest destruction and degradation, predominantly in the tropics, accounts for about 
17% of the total anthropogenic GHG emissions (IPCC 2007a). Because the role of 
forests as a sink for or source of carbon is a function of storage, accumulation or loss 
of biomass, any activity or management practice that changes the biomass in an 
area has direct effects on the carbon budget (Moura-Costa 1996). Putz et al. (2008) 
state that the potential for emission reductions through improved forest manage¬ 
ment is at least 10% of that obtainable by curbing tropical deforestation. 
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Consequently, management of tropical forests is high on the political agenda to 
mitigate climate change. 

Furthermore, climate change is likely to have enormous impacts on tropical 
forests and their biodiversity (ITTO, IUCN 2009), which will also influence their 
capability to sequester carbon. All silvicultural activities must therefore also con¬ 
tribute to ensuring the potential of forests to adapt to the expected changes. Thus, 
climate change is a challenging new aspect for silviculture in tropical forests as it 
requires sustainable forest management to be reconciled with mitigation and adap¬ 
tation management. To enable forest managers to cope with this situation, they 
need a clear decision on whether the management objective is to maintain carbon 
storage, to prevent carbon losses or emissions, or to actively remove C0 2 from 
the atmosphere. If a mixture of objectives is intended, a clear hierarchy of the 
different management targets is required. 

In the following sections the main topics linked with the different management 
objectives are presented. 


6.3.1 Management for Mitigation 


The central means in managing forests for mitigation are maintaining high carbon 
stocks in natural forests, increasing the amount of carbon held within managed 
forests and reducing carbon losses due to management interventions. 

The most effective measure to maintain high carbon stocks is to conserve 
standing forests, especially old-growth forests, which are high in carbon. However, 
this option disregards the multiple demands of the people living in or from the 
forests, or both. Thus, it is important to determine if a forest is going to be used for a 
mitigation purpose only or also for provision of products, income or services other 
than carbon. In the first case, the cost for the abandonment of utilization must be 
compensated for by the sale of the corresponding carbon credits. In the latter case, 
carbon credits could be a supplemental source of income if “additional” measures 
are applied or omitted that result in reduced emissions compared with “business as 
usual.” In any case, sound information on trade-offs between management for 
products (timber, nonwood forest products, etc.) and for carbon is needed: first to 
decide what type and intensity of silvicultural treatment should be chosen, and 
second for the proper accounting of the corresponding carbon effects. Ashton et al. 
(2001a) claim that a unique set of silvicultural treatments should be tailored for the 
biophysical and social characteristics of each site to be able to effectively manage 
forests for carbon. However, it should be kept in mind that any extraction of timber 
from a forest will result in a reduction of its carbon stock, at least for a certain 
period of time. 

There are various options for and intensities of silvicultural treatments that can 
be applied both before and after logging operations to promote increased carbon 
storage, or to improve the overall health and productivity of a forest (Table 6.1). 
However, all of them require sufficient knowledge of the current status of a stand 
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Table 6.1 Forest management options for mitigation greenhouse gas emissions and increased 
carbon storage 

Management option 

Objective: Increasing biomass in existing forests 

Increasing rotation length or intervention 
intervals 


Potential other (noncarbon) effects 


+ Increased ecological values 
— Transient renunciation of income and products; 

increasing risk of catastrophic breakdown 


Increasing stocking density (e.g., by reduced + Higher biomass, better economic yields in the future 

— Reduced stability, transient renunciation of income 

and products 

+ Increased habitat values 
— Transient renunciation of income and products 

+ Increased stability and habitat values; more 

continuous income 

— Higher management skills required 

Increasing forest growth (e.g., by fertilization + Higher productivity, more and earlier income 
or change of species composition) 

Postharvesting measures (e.g., weed control, 
planting) 

Enrichment planting in secondary forests 


thinning or underplanting) 


Increasing amount of deadwood volume 


All aged forests with selective logging 


Loss of naturalness, eventually N 2 0 emissions 


+ Faster regeneration, better growth conditions 

— Increased management costs 

+ Higher proportion of valuable tree species, higher 

income 

— High complexity, intensive management and high 

level of skills required 


Objective: Preventing carbon losses 

Reduced impact logging (e.g., vine cutting, 
adapted machinery, careful planning and 
timber extraction) 

Improving forest health and stability (e.g., 
appropriate species choice, mixed stands) 


+ Less erosion and compaction of soil, less damage to 

the remaining stand 

— Higher costs and level of management skills required 

+ Higher stability, reduced losses due to pests and 

diseases, better adaptation to climate change; 
species with high wood density and quality 
which allow assembly of long-lived wood 
products 

— Increased management costs 
+ Increased safety and income 

— Higher management costs, aggravated establishment 

of seedlings 

+ Increased stability and ecological value, flexible 

income 

— Higher level of management skills required 

Reduced ground preparation (fire, ploughing) + Reduced soil respiration, erosion and emission of 

greenhouse gases (N 2 0, NO x , NH 3 , N 2 ) 

— Aggravated establishment of seedlings 

+ Avoided emissions of N 2 0, NO v and NH 3 , and 

eutrophication of watercourses 
— Reduced growth 


Prevention of forest fires 


Continuous cover forests 


Correct timing and intensity of fertilization 


Adequate thinning 


+ Reduced windthrow and anaerobic conditions owing 

to excessive thinning; reduced mortality owing 
to insufficient thinning 

— Initial application of the thinning will result in a loss 

of standing aboveground carbon because of the 
reduction in the site’s gross carbon volume 

+ Better productivity and reduced losses 

— Pollution of soils or water 

negative effects (according to IPCC 2003, changed) 


Improving pest control 


+ positive effects; 
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and the impacts of silvicultural interventions on carbon in biomass and soil as well 
as on other GHGs, e.g., CH 4 and N 2 0, which might be released as a consequence of 
a measure applied. Cid-Liccardi and Kramer (2009) state that efforts to maximize 
carbon uptake and to reduce carbon losses need to be based on site dynamics and 
the application of silvicultural practices that are based on forest type and site 
characteristics. Furthermore, it is recommended that silviculture should consider 
landscape-scale effects as well because the maximum amount of carbon can be 
sequestered without compromising the long-term sustainability of the carbon stor¬ 
age when the stands are managed within a functional landscape matrix. This is also 
necessary to identify and consider zones of high carbon or other ecological values, 
e.g., for biodiversity or watersheds (Ashton 2003). Sist et al. (2003) stress the need 
to look also for harvesting impacts and trade-offs across larger forest landscapes, to 
expand RIL beyond silvicultural concepts and to ensure the maintenance of other 
forest goods and services. According to Ashton (2003), the landscape-scale tem¬ 
plate should reflect an integrated network of stands allocated to production and 
protection, with the focus on maximizing carbon storage within the landscape. 

Table 6.1 provides an overview of management means for maintaining or 
increasing carbon stocks in existing forests or reducing management-induced losses. 

Moura-Costa (1996) presented a table with estimated carbon offsets that can be 
achieved by several activities in the tropics over different time periods. The values 
range from 1-2 tons ha -1 (time frame 1 year) for soil improvement, to 20-30 tons 
(1 year) for soil protection, 250-350 tons for fire protection (undefined time frame), 
35-150 tons (2 or 10 years) for RIL, 90-150 tons (30 years) for silvicultural 
treatments, 90-150 tons (20 years) for agroforestry, 150-280 tons (50-70 years) 
for enrichment planting with hardwoods and 100-200 tons (10-20 years) for 
plantations of fast-growing species. The offsets are calculated as the difference 
between the carbon accumulated in planted vs. untreated forest, or between con¬ 
ventional logging vs. RIL as the latter results in less damage to the residual stand, 
and more healthy stands, especially when aerial yarding by cable or helicopter is 
applied. Nabuurs and Mohren (1993) compared carbon-fixation rates of 16 global 
forest types under different management and found that management of selectively 
logged tropical rain forests is one of the most effective means. Ideal candidates for 
rehabilitation through enrichment planting with high wood density, long-lived 
canopy trees for carbon sequestration are, for instance, many logged-over and 
second-growth forests (Cid-Liccardi and Kramer 2009). Monospecific plantations 
with fast-growing species can sequester carbon in a very efficient way, but bear 
high risk of losses due to fires, pests or diseases. 

When tropical forests are to be managed for carbon, treatments that may affect, 
expose or reduce soil carbon should be minimized and treatments that free growing 
space for desired species should be encouraged (Cid-Liccardi and Kramer 2009). 
Because the highest losses of carbon are caused by damage linked with badly 
planned or executed logging operations (Putz and Pinard 1993; Putz et al. 2008), 
reduction of avoidable logging damage to residual forest, soils and critical ecosys¬ 
tem processes through application of RIL must become a self-evident element in 
silvicultural planning (Pinard and Putz 1996). The means employed under RIL 
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cover a multitude of activities ranging from identification of sensitive areas to 
careful planning of roads and skid trails, use of selective felling instead of clear 
felling, erosion control measures, preharvest liana cutting and training of loggers 
for directional felling or fire prevention and control. Comprehensive and detailed 
overviews of RIL and its effects and costs have been provided by Enters et al. 
(2002) and Dykstra and Heinrich (1996). 

Despite the many undisputable benefits of RIL, with regard to C0 2 mitigation, 
its application requires great knowledge on the impact and timescales of each 
measure. For instance, liana removal affects carbon storage because it increases 
the light available to trees and reduces competition, allowing growth rates and 
carbon to increase in the stand (Wadsworth and Zweede 2006; Keller et al. 2007; 
Zarin et al. 2007). However, the positive benefits of liana removal persist only for a 
few years, and repeated treatments are required over a cutting cycle (Pena-Claros 
et al. 2008a, b). Other measures, such as prescribed burning and soil scarification 
for exposure of mineral soil to encourage regeneration, can even have negative 
effects on carbon storage if done inappropriately because they could reduce soil 
organic matter. On the other hand, carbon emissions linked with site preparation 
may be compensated for by a higher increment of planted trees compared with 
untreated trees (Moura-Costa 1996). Sist et al. (2003) concluded from their studies 
in mixed dipterocarp forests in Borneo that RIL techniques cannot guarantee 
silvicultural sustainability when solely based on a minimum-diameter cutting 
limit. They suggest three silvicultural rules to ensure sustainable management (1) 
to keep a minimum distance between stumps of about 40 m, (2) to ensure there are 
only single tree gaps using directional felling and (3) to harvest only stems with 
60-100 cm diameter at breast height. 

However, besides the mitigation potential of forest management described, it 
should be mentioned that the key opportunity in tropical regions is the reduction of 
carbon emissions from deforestation and degradation. 


6.3.2 Management for Adaptation of Forests 

to Climate Change 


When managing tropical forests for mitigation, one has to consider that the effects 
of climate change, e.g., regional drying and warming (Salati and Nobre 1991), 
increasing frequency and intensity of extreme weather events (IPCC 2007a), 
possible intensification of El Nino phenomena (Sun et al. 2004), changes in 
phenological relations, or loss of biodiversity (IPCC 2007b), may limit or even 
reverse the sink effects of the forests. Especially the huge carbon stocks in mature 
tropical forests may be vulnerable to disturbances induced by climate change. To 
reduce the risk of such carbon losses, silvicultural concepts and strategies must 
strive to maintain the ability of forests to adapt to climate change. This may require 
alterations of established management regimes. Forest management will need to be 
highly adaptive, which will require good and up-to-date information about what is 
happening in the forest (ITTO, IUCN 2009). However, as climate change in the 
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tropics is still associated with many uncertainties and no empirical evidence is 
available, it must be assumed that silvicultural adaptation strategies will not be 
substantially different from other risk-reducing strategies, and thus should strive to 
reduce vulnerability to pests, diseases and abiotic damage by ensuring forest health 
and ecosystem diversity as a prerequisite for the ability (resilience) of the forest 
to recover after disturbances (Adger et al. 2005; Van Bodegom et al. 2009). 
Cid-Liccardi and Kramer (2009), for instance, state that in the long term a spe¬ 
cies-rich forests with a diverse vertical structure will be more resilient to cata¬ 
strophic disturbances, and therefore to carbon loss. On the basis of Smith et al. 
(1997) and Ashton et al. (2001a, b), they conclude that these objectives can be most 
likely achieved by regeneration via a shelterwood system and its variations around 
structural retention and age class. An excellent overview of silvicultural practices to 
maintain and enhance the adaptive capacity of natural and planted tropical forests 
was provided by Guariguata et al. (2008). 

It has to be mentioned as well that some adaptation measures, e.g., regenerating old, 
mature stands or understory removal for fire prevention, may conflict with the 
objective of maximizing carbon storage as the highest stocks are achieved in old 
forests with high biomass, which are considered to be more vulnerable to disturbances. 
Management for adaptation must also consider the landscape scale, for instance by 
making an effort to maintain and improve the connectivity between forest fragments 
or habitats to ensure minimum viable populations. Furthermore, it requires intensive 
monitoring to quickly detect and tackle outbreaks of pests and diseases, and changes in 
the dynamics or composition of the forests (Van Bodegom et al. 2009). 

Consequently, Phillips et al. (1998) called for a dedicated large network of 
permanent biomass plots to obtain insight into the future role of tropical forests 
in the carbon cycle. The incorporation of multiple variables into ecosystem and 
forest models for tropical forests can also contribute to a better understanding and 
consequently better management of the carbon fluxes and climate change effects 
(Nightingale et al. 2004). For this purpose, intensive research on the positive and 
negative feedbacks of possible impacts of climate change, such as droughts, wind¬ 
storms, biotic pathogens, and fires, on forest dynamics and carbon stocks is still 
required (Meister and Ashton 2009). 


6.4 Increasing Importance of Goods and Services 

Other Than Timber 


6.4.1 Nonwood Forest Products 


Gathering forest resources other than wood, such as berries, mushrooms, fmits, herbs, 
and bush meat, to provide food, energy, or construction material has been practiced 
by humans since historical times. However, since the 1980s NWFPs have achieved 
renewed and increased interest on a global scale as an additional income-generating 
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option (Garcia-Fernandez et al. 2008; Chap. 10). Although information from many 
countries is still missing and the tme value of subsistence use is rarely captured, the 
value of NWFP removals in 2005 is reported to amount to about US $18.5 billion 
(FAO 2010). Consequently, integration of timber and nontimber forest uses is 
considered to offer new opportunities for subsistence and market economies of 
rural communities to enhance their well-being and to reduce the risk of losses due 
to a more diverse portfolio of assets. NWFPs can be a significant complementary 
asset to timber production, particularly in low-wage, rural economies. Several studies 
have shown that in combination, net present values can double or even triple, with 
NWFPs often providing most of the income (Godoy et al. 1993; Boot and Gullison 
1995; Ashton et al. 2001b). Peters et al. (1989) stated that the potential long-term 
economic returns from forests managed for NWFPs are greater than the returns from 
timber or forest conversion to agriculture. Thus, NWFP management has also caught 
the attention of conservationists as a means of ensuring forest conservation and as 
alternative to conversion (Hiremath 2004). 

Including NWFPs in diversified forest management plans is increasingly used in 
sustainable forest management to offset the costs of RIL. However, skeptics 
question the extent to which the economic returns from NWFPs are sufficient to 
compensate for the costs of applying RIL (Barreto et al. 1998; Pears et al. 2003) and 
corresponding silvicultural practices, e.g., enrichment planting or liberation thin¬ 
ning, needed for sustaining timber production over the long term (Schulze 2008; 
Wadsworth and Zweede 2006). 

For silviculture, managing different types of products (timber and NWFPs) is a 
new challenge as it requires different knowledge and skill sets which are still 
segregated among different forest users. To be able to cope with this challenge, 
managers must extend their silvicultural expertise from forest management to 
agroforestry and farming practices. Consequently, such aspects should be included 
in modern tropical silvicultural education and training. However, NWFPs are still 
predominantly treated in relative isolation (Lawrence 2003 cited in Guariguata 
et al. 2010). Although Whitmore (1990) stated that incorporation of NWFPs with 
timber extraction was common until the middle of the last century, data on the 
production and reproduction of NWFPs within timber management as well as 
integration of silvicultural interventions for NWFP species in overall forest man¬ 
agement are rare or nonexistent (Panayotou and Ashton 1993; Chap. 10). 

To be able to sustainably integrate nonwood forest species management in 
silvicultural concepts, their ecological and productive characteristics must be 
explored and tested. Only little is known about NWFP harvesting impacts and the 
available information seems not consistent. Ticktin (2004) reviewed 70 studies that 
quantified the ecological effects of harvesting NWFPs from plants and concluded 
that the tolerance of NWFP species to harvesting varies according to life history, the 
part of plant that is harvested, environmental conditions and the management 
practices used. Moreover, the impact can vary from the level of genes to individuals, 
populations, communities and ecosystems (Hall and Bawa 1993; Ticktin 2004). 
Although a close relation to logging intensity has been established, further assess¬ 
ments of the diverse harvesting impacts are needed. Furthermore, specific 
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silvicultural systems for NWFPs are essential for sustainable management (Hall and 
Bawa 1993). For instance, to promote population persistence of specific NWFPs, 
sparing of individuals, size restrictions, overstory light management, thinning, 
transplantation, coppicing and replanting of plant parts can be adequate manage¬ 
ment practices (Ticktin 2004). 

Guariguata et al. (2010) emphasized six topics to be considered as key compo¬ 
nents of sustainable forest management integrating NWFPs (1) integration of 
NWFPs in inventories (yields, mapping), (2) ecology and silviculture for timber 
and NWFPs (effects of logging intensity and corresponding changes in forest 
structure, radiation, soil), (3) conflicts in the use of multipurpose trees, (4) wildlife 
conservation and use (habitat changes, increased access), (5) tenure and access 
rights (types of rights, multiple right holders) and (6) product certification (ecologi¬ 
cal and social constraints). They concluded that compatible management has to be 
inherently multifactorial and context-dependent. 

Sustainable extraction and management of timber and NWFPs is influenced not 
only by silviculture but also by many other factors. Guariguata et al. (2010) 
published an indicative list of factors, with, e.g., habitat overlap, length of rotation 
cycles, property rights, local governance, and market chains. Consequently, barriers 
for successful adoption of silvicultural practices are rarely just technical in nature 
but depend on diverse perspectives of individuals (Walters et al. 2005). As some 
user demands may conflict with others, participation of the main stakeholders in 
forest planning is required to balance all expectations. However, this will make 
planning even more complex. To make integrated management of timber and 
NWFPs more feasible, attractive and competitive for other land users and thus to 
avoid forest conversion, it may also be necessary to increase the number of species 
and products utilized from tropical forests. Actually, only about 150 NWFPs are 
of major significance in international trade although approximately some 4,000 
botanicals species enter international markets (Chap. 10). Especially for small- 
scale operations, integration of a wide array of goods and services would be 
beneficial (Campos et al. 2001). As a high proportion of NWFP goods are still 
collected from the wild, domestication measures will have to be applied for 
many species to increase the efficiency of their management (Bhattacharya 
et al. 2008). However, one should proceed with caution because highly valued 
NWFPs may increase the risk of gradual conversion of forests into tree-gardens 
or agroforestry systems (Michon et al. 2007) or the setting up of plantations. 
For more details on the silvicultural options of NWFP management see 

Chap. 10. 

Several promoters of multiple-use forest management emphasize that by incor¬ 
porating many forest goods and services and by considering the interests of multiple 
stakeholders, a social and financial advantage can be gained over timber-dominated 
models (Ashton et al. 2001a; Campos et al. 2001; Hiremath 2004; Wang and 
Wilson 2007). According to the FAO (2010), the area designated primarily for 
productive purposes has already decreased by more than 50 million hectares since 
1990, whereas that for multiple uses has increased by 10 million hectares in the 
same period. 
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6.4.2 Biofuels 


In many tropical countries fuelwoods traditionally play an important role. For 
instance, in Africa fuelwood is the dominant source of heat energy in rural house¬ 
holds, where it is used for cooking, heating and steam raising (Chap. 24). However, 
since the use of fossil fuel is causing 57% of the total GHG emissions (IPCC 
2007a), switching from fossil fuels to biomass fuels will play an increasing role in 
strategies to reduce GHG emissions. In this context the tropics receive special 
attention because of the high production rates of up to 40 tons ha -1 year -1 which 
can be achieved in this region (Chap. 9). Although a large proportion of “modern” 
fuelwood comes from agricultural areas or from nonwoody biomass, the situation 
also provides new opportunities and challenges for silviculture. 

On land that has not been available for forestry so far (e.g., grassland, fallow 
land, marginal and abandoned land) new forests could be established with the sole 
objective of biomass production. Grainger (1990) considered fuelwood production 
in a fully sustainable cyclic system as the most promising option for carbon 
sequestration in the long run. Consequently, silviculture must develop concepts to 
produce biomass for energy purposes under different conditions in an ecologically, 
economically and socially sustainable way. 

One promising option is biomass production in short-rotation forestry. Although 
short-rotation forestry has a long history, e.g., coppice as an ancient silvicultural 
system to grow small wood for fuel, charcoal or fencing, there is a need to review 
the concepts against the background of the new practices and technologies in 
production and processing. Essential silvicultural features in this context are, e.g., 
adequate stocking densities to achieve fast site occupancy and high mean annual 
increments, tree breeding programs, use of fertilizers, integrated pest and disease 
management, and mechanized harvesting (Mead 2005). 

Another important aspect is the identification of suitable species for different 
types of land and environmental conditions, which are adapted to the sites and are 
easy to establish, show good growth rates and coppicing ability and produce high- 

calorific wood (NAS 1980; Nair 1993; Mead 2001, 2005). Moreover, good under¬ 
standing and monitoring of the nutrient cycles, especially if whole tree harvesting 
will be applied, is required. Silviculture has to explore and develop ways in which 
biofuels can be produced and harvested in the context of larger landscapes and all 
forest resources without violating the ecology or the demands of local societies, 
especially for food production. 

Biofuels can also offer new opportunities for traditional timber management, as 
residues from harvesting that would otherwise be left to decay could be considered 
as valuable by-products to increase the environmental and financial benefits of 
bioenergy (Hwan Ok Ma 2007). If biomass production is additional and sustainable, 
it can also generate supplemental income by generating carbon credits. However, it 
has to be considered that harvesting of logging residues has silvicultural implica¬ 
tions, apart from soil fertility concerns (Asikainen et al. 2002). 
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More detailed information on silvicultural aspects of bioenergy production is 
provided by Onyekwelu and Fuwape (Chaps. 9 and 24). 


6.4.3 Ecosystem Services 


Apart from the delivery of marketable goods such as timber, NWFPs and biofuels, 
natural and managed forest ecosystems also provide many services that are in 
demand from different interest groups but can hardly be merchandized directly 
by the forest owners on local markets. The Millennium Ecosystem Assessment 
(2005) distinguished among regulating (air quality, climate, water), cultural (recre¬ 
ation, spiritual enrichment), and supporting (nutrient or water cycling, photosyn¬ 
thesis) services. Some of these services are scale-dependent; for instance C0 2 
sequestration is more effective at a global scale, whereas maintenance of water 
quality or erosion protection is more locally or regionally relevant. Some services 
can be ensured by the pure existence of a forest (e.g., photosynthesis), whereas 
others rely on or can be improved by silvicultural activities (e.g., recreation). 

During recent decades a shift from monostructured silviculture focussed on 
procedures to achieve high wood yields for a few economically attractive species 
toward multiple-use forest management considering timber, NWFPs, and environ¬ 
mental services has been observed (Bertault et al. 1995). However, owing to the 
persistent deforestation and degradation together with the steadily rising demand on 
natural resources, it is becoming critical to embrace all requirements in manage¬ 
ment of tropical forests. Thus, there is a growing need to promote concepts for 
sustainable extractive uses alongside the persistence of ecosystem services, espe¬ 
cially biodiversity (Millennium Ecosystem Assessment 2005). 

For a long time it was assumed that provision of forest services follows in the 
wake of timber production (Gliick 1987). This meant that the production of timber 
also encompasses other objectives, such as sustaining the function and dynamics of 
ecosystems, maintaining ecosystem diversity and resilience, and provision of 
various ecosystem services of value to mankind (Coates and Burton 1997). How¬ 
ever, several forest management operations, especially in the tropics, affect ecosys¬ 
tem services (Olegario et al. 2008) or are not compatible with specific services. 
Because many environmental services are considered as public goods, they were 
taken for granted. The direct costs of the forest owners related to the provision of 
environmental services, e.g., special management interventions required or higher 
costs of forest operations due to management restrictions, were a major barrier for 
better consideration in silvicultural planning and practice. 

With increased awareness about the environmental services provided by forests 
and the perceived scarcity, the appreciation of beneficial forestry activities and the 
readiness to pay for them have improved. Thus, payments for environmental 
services (PES) emerged as an innovative means to compensate service providers 
for their expenses to maintain or achieve a requested level of environmental service 
provision. The most dynamic and advanced PES types so far are those for carbon 
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sequestration, biodiversity conservation, watershed protection, and landscape beauty 
(Garcia-Femandez et al. 2008). PES offer a great chance to facilitate sustainable 
forest management, or to make it competitive with other land uses and thus to avoid 
further forest destruction and loss of the forest environmental services. A study on 
how this can be achieved practically was presented by Knoke et al. (2009) using an 
example of Andean Ecuador. Despite progress in recent years, there are still many 
methodological problems, especially regarding the allocation of concrete economic 
values to specific services (Pirard and Karsenty 2009). To ensure that the benefits of 
managing a forest area in a sustainable manner including environmental services will 
really be captured by the forest owners, it is necessary to fill in the existing gaps of 
ecological knowledge about the effects of specific silvicultural techniques on the 
provision of environmental services. Thus, there is an urgent need for corresponding 
research that also involves monetary evaluation of silvicultural aspects. For example, 
Smith and Applegate (2004) stated that both opportunity costs of shifting from 
conventional logging to improved practices and the long-term carbon and biodiver¬ 
sity benefits of improved forest management have been underestimated. 

For silvicultural planning it is essential to know which special environmental 
services are in demand and if they should be provided by integrated management of a 
total given forest area or if segregation into different districts is possible. This implies 
that the expected environmental services as well as the different stakeholders must be 
clearly identified and included in management planning. Last but not least, it has to be 
clarified if the compensation will be paid on an individual basis based on the 
application or omission of specific procedures or as a flat rate which is independent 
of the particular costs. Anyway, production of more diverse forest values requires the 
consideration of the fine-scale variability within forest stands and a better understand¬ 
ing of the spatial and temporal responses of forest ecosystems to manipulation 
(Coates and Burton 1997). Silviculture has to provide procedures that meet the 
objectives of timber production without compromising environmental services. 

Depending on the spatial scale, silvicultural planning must involve the identifica¬ 
tion of sensitive areas or structures, e.g., to avoid downstream effects on soil and water. 


Box 1: Gap-Based Models as a Tool to Understand Fine-Scale Ecosystem 
Responses to Silvicultural Manipulations 

Coates and Burton (1997) proposed employing gap-based approaches to 
study stand responses to silvicultural manipulations that “(1) aids develop¬ 
ment of cutting prescriptions that maintain functional mature or old-growth 
conditions; (2) refines and extends our understanding of how biological 
structures, organisms and ecosystem processes are affected by fine-scale 
variation within stands...” Such studies could help to identify optimal gap 
sizes, distribution and frequencies that are adapted to different stand 
structures and site conditions. Table 6.2 provides an overview of the char¬ 
acteristics of tropical and subtropical ecosystems that are related to different 

(continued) 


gap attributes. 



6 New Aspects in Tropical Silviculture 


79 


Table 6.2 Examples of characteristics of tropical and subtropical ecosystems as affected by 
gap attributes 


Gap attribute 


Ecosystem characteristic 


References 


Presence Size Position Age Substrate 


Tree species establishment/density/ 
composition 

Tropical moist forest, Panama 
Tropical moist forest, Panama 
Tropical cloud forest, Costa Rica 
Amazonian forests, Venezuela 
Subtropical broadleaved, India 
Tropical cloud forest, Ecuador 

Birds 

Richness/composition 


Putz (1983) 

Brokaw (1985, 1987) 
Lawton and Putz (1988) 
Uhl et al. (1988) 

Barik et al. (1992) 
Kuptz et al. (2010) 


+ 


+ 


+ 


+ 


0 


0 


+ 


0 


0 0 


+ 


+ 


+ 


+ 


+ 


Schemske and Brokaw 

(1981) 

Levey (1988) 


+ 


Guilds/species 

Small mammals 
Bat species 


+ 


+ 


0 


Crome and Richards 
(1988) 


+ 


Insects 

Level of attack 
Abundance 

Population structure of moths 
Epiphytes 
Irradiance 

Tropical forest, Costa Rica 
Tropical cloud forest, Costa Rica 
Subtropical broadleaved, India 
Tropical evergreen rain forest, 

Mexico 

Tropical cloud forest, Ecuador 

Climate parameters 
Air temperature (mean/min./max.) 
Humidity 

Soil parameters 
Surface soil moisture 
Soil temperature (mean/min./max.) 0 
Soil respiration 
Soil nutrient availability 

Nutrient levels 

Phosphorus concentration canopy 
zone 

Phosphorus concentration root- 
throw zone 

Litter thickness/decomposition 
Fine root biomass 


Harrison (1987) 
Shelly (1988) 
Giinter et al. (2008) 

Giinter et al. (2008) 


+ 


+ 


+ 


+ 


+ 


Denslow et al. (1990) 
Lawton and Putz (1988) 
Barik et al. (1992) 
Dirzo et al. (1992) 


+ 


+ 


+ 


+ 


+ 


+ 


+ 


Kuptz et al. (2010) 


+ 


+ 


0 


0 


Barik et al. (1992) 
Barik et al. (1992) 


0 


+ 


Barik et al. (1992) 
Barik et al. (1992) 
Giinter et al. (2008) 
Uhl et al. (1988) 

Wilcke et al. (2009) 

Vitousek and Denslow 

(1986) 


+ 


+ 


0 


+ 


0 


0 0 


+ 


0 


+ 


+ 


Barik et al. (1992) 
Sanford (1989) 
Sanford (1990) 


+ 


+ 


0 


+ 


+ 


+ 


Based on Coates and Burton (1997), extended 
+ significant effect; 0 no effect; 


not tested 


Adapted cutting cycles and directional felling should also be minimum requirements. 
For the acquisition of PES, it will be necessary to clearly identify and assess the 
supplementary direct and indirect costs of activities that go beyond the “normal 
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management for timber production, for instance the application of RIL techniques or 
postharvesting practices. Because biodiversity conservation is one of the environmen¬ 
tal services most demanded, for PES forest managers must be capable of monitoring 
changes in both biodiversity and society’s requirements for biodiversity and be 
capable of adapting their management accordingly (ITTO, IUCN 2009). Thus, there 
is high need for consideration of new subjects in silvicultural research, education and 
technical training, e.g., comprehensive land-use planning, efficient inventory and 
monitoring methods, participation of the local population, better integration of silvi¬ 
culture and harvesting, better consideration of low-abundance/low-value species, 
renouncement of the use of pesticides and herbicides, habitat management, and 
conservation (de Haan 2008). All these aspects should be linked with economic 
considerations related to the marketing of the resulting effects as ecosystem services. 


6.4.4 Ecotourism 


Many tropical forests play an important role as a resource of biodiversity and refuge 
for endangered species as well as for indigenous communities. This did not only 
increase their importance for conservation and recreation of local people but has 
also attracted the interest of ecotourism. This implies that as far as managed forests 
are concerned all silvicultural interventions have to be applied in a very sensitive 
way, which means that the general character of the stands must be maintained as 
naturally, biodiverse and attractively as possible, whereas obvious logging damage 
will not be compatible with ecotourism. In the context of ecotourism, much more 
attention must also be paid to landscape effects of silviculture and to the compati¬ 
bility with the presence and abundance of attractive animals. Forests have to be 
considered as formative elements embedded in human-populated landscapes. This 
requires local people becoming involved in planning in participatory procedures. 
Adequate compensation would also allow specific activities to be applied, such as 
managing ornamental species, creation of apertures and outlooks, the creation of 
scenic roads or hiking corridors, and increasing the rotation length, that increase the 
value of a forest for recreation and ecotourism. In managed forests the income that 
can be generated by ecotourism has to be balanced against possible losses or 
increased costs due to, e.g., reduced removal volumes or growth rates, maintenance 
of infrastructure, or security aspects. Nevertheless several studies have shown that 
ecotourism can provide significant increases in the livelihood and purchasing power 

in rural communities (Wunder 1999; Tobias and Mendelsohn 1991). 


6.5 Increased Requirements for Inventory, Monitoring 

and Planning 


Adequate consideration of the specified aspects in silvicultural decision-making 
and controlling entails an increasing demand for detailed information. Today forest 
managers are expected to provide empirical evidence that their forests are well 
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managed or that a certain intervention does not harm ecological processes or 
ecosystem services. Thus, enhanced sustainable forest management requires credi¬ 
ble verification and reporting (Siry et al. 2005). For many products and services a 
continuous chain of custody of ecological and social management standards is 
required today for successful marketing or approval under certain programs. As a 
consequence, the global forest area certified by one of the major certification 
schemes increased from 121 million hectares in 2002 to approximately 270 million 
hectares in 2006 (FAO/UNECE 2006). 

To be able to fulfill the multiple demands and to provide the information 
requested by legal institutions, stakeholders, international markets or certifiers, 
efficient tools for inventory and monitoring of ecological, economic and social 
conditions must be developed. For instance, changes induced by specific silvicul¬ 
tural interventions have to be analyzed and documented at different temporal (from 
short term to long term) and spatial (from stand to landscape) scales. Under 
sustainable multifunctional forest management it is therefore necessary to include 
explicit spatial structures and objectives in planning and monitoring (Baskent and 
Keles 2005). Many forest functions are directly related to the characteristics of a 
forest, e.g., size, structure and shape. Furthermore, treatment in one forest unit may 

also influence adjacent units. A clear-cut, for instance, can increase the risk of wind 

• • 

damage, sunburn, or erosion in the neighborhood (Ohman 2001). Disregard of 
spatial characteristics can therefore result in lower yields, reduced water quality 
or habitat disruption. 

The specified requirements are reflected in new methods and technologies, 
especially in the field of remote sensing, GPS and georeferencing. These new 
technologies enable forest managers to better keep track of the described devel¬ 
opment. Owing to progress in remote sensing, high-resolution images with com¬ 
prehensive information on stand composition and structures, terrain, environmental 
conditions and soil are available. Geographic information systems allow direct 
interlinking of this information and characterization and analysis of spatial relation¬ 
ships among explicit management units at different scales (e.g., susceptibility for 
disturbances, or connectivity). Furthermore, growth and yield models (Vanclay 

1994, 1995; Clark and Clark 1999; Huth and Ditzer 2000; Peng 2000; Ong and 
Kleine 1996), process-based ecosystem models (Makela et al. 2000; Miehle et al. 
2010), new bioeconomic models (Knoke et al. 2009) and management-oriented 
models to evaluate the effects of different management strategies (Huth and Ditzer 
2001; Kammesheidt et al. 2002; Schelhaas et al. 2004) can be used to manage all 
information in an integrated way. Many decision-support models have been devel¬ 
oped as well (Battaglia et al. 2004; FORSYS 2010; Iliadis 2005) to help forest 
managers to better structure and analyze the complex and sometimes chaotic 
conditions and to make decisions based on sound facts and the most recent scientific 
knowledge in a reproducible way. However, managers are still hesitating to really 
use them (Whyte 1996). Last but not least, negotiation-support models are available 
that assist the communication of the complex and sometimes conflicting aspects 
with the many actors and stakeholders and thus avoid conflicts, identify common 
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demands and views or rank multiple demands according to priorities (Van Noordwijk 
et al. 2001). 

All the instruments described offer new opportunities to include the improved 
knowledge of ecosystem functioning in silvicultural planning and to make it more 
spatially explicit toward a kind of “precision forestry” (Farnham 2001). This makes 
it, for instance, feasible to give much better consideration to functional character¬ 
istics of tree species, keystone species, efforts to connect habitats and landscapes, 
energy and material flows induced by interventions, or interactions (e.g., comple¬ 
mentarity) among different ecosystem components, which may lead to higher 
productivity or less risk. High-resolution monitoring of landscapes enables silvi¬ 
culturists to quickly detect and tackle outbreaks of pests and diseases, and to 
improve effective fire management. Nevertheless, to be able to assess the temporal 
stability of ecosystems under different silvicultural treatments and to identify 
feedbacks, many more long-term silvicultural experiments are needed. 


6.6 Conclusions 


Although timber production has been the dominant function of forests in the past, in 
recent years a more multifunctional and balanced view of forest management has 
become widely accepted. Recreation, health and well-being, biological diversity, 
mitigation of climate change and adaptation to it have been increasingly recognized 
as integral components of forest management. As most silvicultural practices have 
been developed not for these purposes but for improving the timber production of 
commercial species (Feldpausch et al. 2005), there is an urgent need to evaluate 
traditional concepts against the background of the new aspects and needs. Sustain¬ 
able management of tropical forests requires the integration of ecological know¬ 
ledge with social, economic and political-institutional constraints and options 
(Hooper et al. 2005). Consequently, silvicultural concepts must encompass a 
broad range of objectives as well as the full set of options to manage trees for 
special purposes, such as natural forests, plantations, agroforestry and trees in 
landscapes (Van Bodegom et al. 2009). Unfortunately, corresponding silvicultural 
research on timber species, NWFPs and ecosystem services is sparse or lacking, and 
the existing information is concentrated on only a few species and in particular 
regions. 

Nevertheless, in the last two decades significant, substantial progress toward 
sustainable multifunctional management of tropical forests has been made, partic¬ 
ularly in terms of designation of permanent forest estates, formulation of policies to 
guide forest management and establishment of management plans. Furthermore, a 
range of initiatives to accelerate the implementation of sustainable forest manage¬ 
ment have been adopted: certification schemes, voluntary partnerships, forest law 
enforcement and government efforts. Initiatives such as the voluntary codes of 
practice developed by the FAO and the International Tropical Timber Organization 
(ITTO) provide benchmark standards for managers (ITTO 2006). 


6 New Aspects in Tropical Silviculture 


83 


In this context, silvicultural concepts for planning and application are needed 
that can be applied under spatially explicit conditions and that consider different 
levels of scale ranging from landscape to species and genes (see also Chap. 7). 
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